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Energy Frontier in HEP: CERN 

๏ Schedule last updated Oct 2019 

• Potential future facilities: ILC, CepC, SppC, CLIC, FCC-ee, FCC-hh, µ-Collider 

• Computing challenges at planned further future facilities will take from the 
solutions in the next decade (more so for hadron colliders)
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HL-LHC requires more computing

3



RECO algorithms                      Aug 10, 2020

Computing challenges at HL-LHC: CPU

• Projections for CPU needs exceed expected budged model 

• A factor of 2-5 too short, depending on projection
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ComputingandSoftwarePublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/CMSOfflineComputingResults
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Computing challenges at HL-LHC: Disk

• Projections for storage needs exceed expected budged model 

• A factor of 2-5 too short, depending on projection
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ComputingandSoftwarePublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/CMSOfflineComputingResults
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Computing landscape is changing

• CPU estimates for HL-LHC are still based on the classical CPU-only computing 

• This landscape changes, driven by lower cost per operation on GPUs, FPGAs 
and similar compute hardware matched with cost-productive applications 

• AI/ML workloads are perhaps the leading general interest area that drive these 
developments 

• Science funding agencies are motivated to follow suit  

• Future science HPCs are expected to have accelerators dominate the total 
“per node” compute capacity
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Example near-future HPC

• Aurora “A21” machine to be delivered in 2021. One of the first exascale HPCs 

• Expect about 90% of FP compute capacity from the GPUs 
๏ More thoughts or speculations in https://www.nextplatform.com/2019/11/20/doing-

the-math-on-future-exascale-supercomputers/  

• Early Science Program already includes LHC (ATLAS) 
✴ https://press3.mcs.anl.gov/aurora/ 

7

https://www.nextplatform.com/2019/11/20/doing-the-math-on-future-exascale-supercomputers/
https://www.nextplatform.com/2019/11/20/doing-the-math-on-future-exascale-supercomputers/
https://www.nextplatform.com/2019/11/20/doing-the-math-on-future-exascale-supercomputers/
https://press3.mcs.anl.gov/aurora/
https://www.nextplatform.com/2019/11/20/doing-the-math-on-future-exascale-supercomputers/
https://www.nextplatform.com/2019/11/20/doing-the-math-on-future-exascale-supercomputers/
https://www.nextplatform.com/2019/11/20/doing-the-math-on-future-exascale-supercomputers/
https://press3.mcs.anl.gov/aurora/


RECO algorithms                      Aug 10, 2020

Heterogeneous computing

✓ [ Can expect similar activities from other industry leaders ] 

• Heterogeneous computing  is becoming a reality 

• Specialized software solutions can work but portability will be required to 
make use of different available resources 

• Portable software solutions are coming with support/funding from industry and 
from science funding organizations 

✴ KOKKOS, ALPACA, SYCL 

✴ OneAPI (Intel,  beta release last week) based upon the SYCL* Specification 
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Inspirational: large speedups are possible
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https://indico.cern.ch/event/587955/contributions/2937619
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CMS pp RECO “current” state of Run2
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https://indico.cern.ch/event/587955/contributions/2937619
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CMS pp RECO “current” state for HL-LHC
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https://indico.cern.ch/event/587955/contributions/2937619
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CMS pp RECO “current” state for HL-LHC
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https://indico.cern.ch/event/587955/contributions/2937619

• The balance of contributions is quite likely to change 
๏ Only tracking here is more optimized for HL-LHC, perhaps even too restrictive 

• Major contributors indicate the areas that need more focus in the coming years 

• Significant progress was made since early 2018 release when the plot was 
made, to be soon deployed for for improved cost estimates
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Venues for R&D activities
• Naturally, a large fraction of work is done in the context of a specific 

experimental collaboration 

• Community effort via HSF and national institutes 
➡ Snowmass 2021 (we are here) 
✓ https://snowmass21.org/computational/algorithms  

➡ HSF Reconstruction and Software Triggers group 
✓ https://hepsoftwarefoundation.org/workinggroups/recotrigger.html  

➡ IRIS-HEP Innovative Algorithms 
✓ https://iris-hep.org/ia.html  

➡ HEP-CCE 
✓ https://hepcce.org 
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HSF roadmap: reconstruction

• Seven key areas were identified to exploit the full power of the enormous 
datasets that we will be collecting. Three areas concern the increasingly parallel 
and heterogeneous computing architectures. 
✓ Evolve current toolkit and algorithm implementations, and best programming 

techniques, to better use SIMD capabilities of current and future CPU architectures 
✓ Adopt programming techniques, to improve the throughput of multithreaded software 

trigger and event reconstruction applications 
✓ Use computing architectures with technologies beyond CPUs. Assess and minimize 

possible additional costs coming from the maintenance of multiple implementations. 
✓ Enable the development, automation, and deployment of extended QA and QC tools 

and facilities for software trigger and event reconstruction algorithms. 
✓ Real-time analysis techniques: evaluate and demonstrate the tools needed … for 

real-time detector calibration and validation that enable full offline analysis chains to 
be ported into real-time, and frameworks that allow non-expert offline analysts 

✓ Develop and demonstrate efficient techniques for physics object reconstruction and 
identification in complex environments similar or higher than the HL-LHC. 

➡ Evolve or rewrite toolkits/algorithms limiting processing at high pileup; most 
significantly charged-particle tracking. Deploy new algorithms, including 
advanced machine learning techniques.
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IRIS-HEP IA
• IRIS-HEP Innovative Algorithms 

✓ https://iris-hep.org/ia.html  

• Just flashing the structure charts, see report                                                                
tomorrow by H. Gray
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HEP-CCE
• Develop and make available selected HPC 

tools/capabilities to aid HEP science in 
coordinated work with ASCR 

• Primary targets are experiments taking 
data in 2020+ (ATLAS, CMB-S4, CMS, 
DESI, DUNE, LSST DESC, –) 

• Related to the scope of this talk: Portable 
Parallelization Strategies –investigating 
software portability solutions (Kokkos, 
SYCL, Alpaka, OpenMP, –) via a small 
number of HEP testbeds as example cases 
for each option 

• See full report tomorrow by M. Lin
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Digest of topics (time permitting)

• In the following, I pick a few topics, more can be found in the backup or on the 
HSF and IRIS-HEP web sites 

• CMS use of GPU in high level trigger (PATATRACK project activity): inner 
pixel tracker track reconstruction and calorimeter energy pulse reconstruction 
✓ See backup for GPU-CPU implementations on ALICE and LHCb 
✓ Here there is a significant effort towards portability 

• Parallelized/vectorized combinatorial Kalman filter based tracking (mkFit 
project) 
✓ Generic concept with a working demonstration of Run-2/3 CMS tracker 

• ML techniques are expected to be key in many aspects of reconstruction 
algorithms 
✓ Current implementations already utilize parallelized/vectorized and beyond-CPU 

capabilities of available architectures 
✓ More in the backup. But more relevantly, see ML talks in this workshop
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Heterogeneous computing: HLT CMS
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https://indico.cern.ch/event/773049/contributions/3474336
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Heterogeneous computing: HLT CMS
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mkFit: parallelized/vectorized tracking
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https://indico.cern.ch/event/773049/contributions/3474739
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mkFit: parallelized/vectorized tracking
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mkFit: parallelized/vectorized tracking
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https://indico.cern.ch/event/773049/contributions/3474739
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Summary

• Reconstruction and software trigger R&D is rich with opportunities in the next 
decade 
✓ Initial projections for HL-LHC show challenges are present, projections for both CPU 

and storage needs exceed the projected budget models 

• The overreaching goal is to maximize success of the leading experimental HEP 
facilities, dominated by the interests of the HL-LHC experiments 

• Strong community programs, in addition to experiment-specific activities 
provide venues for synergies 
✓ HEP Software Foundation (HSF) 
✓ HEP-CCE [DOE] Portable Parallelization Strategies 
✓ IRIS-HEP [NSF] Innovative Algorithms 

• A large fraction of topical studies present in major HEP computing conferences 
on reconstruction and software trigger topics go towards solving the challenges 
of the next decade 
✓ A somewhat selective digest of CHEP 2019 presentations is available in the backup
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CMS heterogeneous framework
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https://indico.cern.ch/event/773049/contributions/3473266



RECO algorithms                      Aug 10, 2020

CMS heterogeneous framework
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https://indico.cern.ch/event/773049/contributions/3473266
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CMS towards continuous analysis
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https://indico.cern.ch/event/773049/contributions/3474327
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CMS towards continuous analysis

30

https://indico.cern.ch/event/773049/contributions/3474327



RECO algorithms                      Aug 10, 2020

Track ML

31

https://indico.cern.ch/event/773049/contributions/3474831
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Track ML
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Track ML
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Heterogeneous HLT CMS
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Heterogeneous HLT CMS
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Heterogeneous HLT CMS
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A Common Tracking Software (ACTS)
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https://indico.cern.ch/event/830160/contributions/3476465
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mkFit
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mkFit
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mkFit
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mkFit
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mkFit
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ATLAS
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ATLAS MT and GPU in reco

• A scheduler for offloading work on GPU is in development
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Trigger Level analysis
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https://indico.cern.ch/event/773049/contributions/3474303
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LHCb trigger GPU

• NB: pileup in Run3 is ~6, compared to ~1.1 in Run1,2
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https://indico.cern.ch/event/773049/contributions/3473255
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LHCb trigger GPU
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LHCb trigger GPU
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LHCb trigger GPU
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LHCb trigger GPU
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LHCb trigger GPU
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LHCb trigger GPU
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LHCb trigger upgrade
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https://indico.cern.ch/event/773049/contributions/3474298
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LHCb trigger upgrade
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ALICE towards Run 3, 4

59

https://indico.cern.ch/event/773049/contributions/3581368
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ALICE towards Run 3, 4
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ALICE tracking in Run 3
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ALICE tracking in Run 3
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ALICE tracking in Run 3
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ALICE tracking in Run 3
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ALICE tracking in Run 3
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More distant future?: Quantum computing
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More distant future?: Quantum computing
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More distant future?: Quantum computing
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ML on FPGAs
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ML on FPGAs
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FPGA inference as a service
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ML graph networks: tracking
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ML graph networks: tracking
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ML graph networks: calorimeter clustering
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ML graph networks: calorimeter clustering
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ML graph networks: down to particles
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